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1. INTRODUCTION 


GLYCINE (amino-acetic acid NH,CH,CO,H) is the simplest representative 
of the important class of amino-acids characterised by exceptional properties. 
All the compounds of this series belong to the class of amphoteric electro- 
lytes. They are supposed to exist in the undissociated state as salt-like 
“7witter ions’ or dipolar ions, +NH;.R.COO-. Glycine, like all the amino- 
acids, possesses both the properties of an amine and an acid. Because of 
their very interesting properties, a study of the Raman spectra of amino- 
acids in the form of single crystals is of very great importance. In the pre- 
sent paper are reported the results obtained from the study of the Raman 
spectrum of a single crystal of glycine. 


Raman spectrum of solid glycine was investigated by Edsall (1936), 
Kahovec and Kohlrausch (1936), Ananthakrishnan (1937) and Baba et al. 
(1949). The substance used by them was in the form of crystal powder and 
the spectrum was excited by A 4046 radiation of the mercury arc. It is not 
surprising therefore to find that the results obtained by them are far from 
being complete, even as regards the internal frequencies. Besides no data. 
ate available concerning the lattice (low) frequency spectrum of crystalline 
glycine. A reinvestigation of the Raman spectrum of crystalline glycine 
was therefore called for. This has now been carried out by us under more 
favourable conditions. 


2. EXPERIMENTAL DETAILS 


Single crystals of a-glycine, in the form of colourless rhombic prisms, were 
easily grown from aqueous solutions of the pure substance. Samples of 
average size 1 cm. long were used for the present investigation. They were, 
however, not very clear. A 2536-5 excitation was used to record the Raman 
spectrum. Using a Hilger medium quartz spectrograph and a slit width of 
0-025 mm. satisfactory spectrograms were obtained with the exposures of 
the order of a few hours. 
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3. RESULTS 


A typical photograph of the Raman spectrum of glycine taken with the 
medium quartz spectrograph is reproduced in Fig. 1 (6) in the accompany. 
ing Plate XII together with the corresponding microphotometer record, 
Fig. 1 (c). A spectrum of the mercury arc is also reproduced in Fig. 1 (a), 
The positions and frequency shifts of the principal Raman lines are marked 
in Fig. 1(c). They are listed in Table I below. Some of the Raman lines 
listed in the table fall on or adjacent to some of the faint mercury lines, 
This fact has been taken into consideration and the existence of all the Raman 
lines, listed in column 2 of Table I, has been established from a comparison 
of their relative intensities. The frequency shifts reported by Edsall, Kahovec 
and Kohlrausch and Ananthakrishnan have been included in the same 
table. We had no access to the original paper by Baba et al. and hence their 
results could not be included in the table. 


The spectrum recorded here exhibits not less than 35 Raman lines, of 
which 17 including all the 7 lattice lines, have been recorded for the first 
time. The values of the frequency shifts obtained by the present authors 
agree reasonably well with those reported by the previous workers. Visual 
estimates of the relative intensities of the lines are also given in the same 
table. The orientation used was such that the illumination was parallel to 
the b-axis and the observation was perpendicular to the same axis. - 


The frequencies of the infra-red absorption maxima reported by Lenor- 
mant (1946) in the region 5-8 » have been included in the column 6 of Table I. 


They agree reasonably well with some of the Raman frequencies observed 
in this region. 


4. DISCUSSION 


Glycine crystallises in two different crystal forms, namely, a- and f-forms, 
the ordinary one being the a-form. Both of them belong to the monoclinic 
class. a-glycine is usually crystallised from aqueous solution at room tem- 
perature, whereas f-glycine is obtained by adding alcohol to the glycine 
solution. The unit cell of a-glycine belongs to the monoclinic centro-sym- 
metric class, with a, = 5-10 A, b, = 11-96 A, cy = 5-46A and B = 111° 42’ 
(Marsh, 1957). The unit cell contains 4 molecules of glycine and the space 
group is C.,5—P2,/n According to Albrecht and Corey (1939), the structure 
consists of nearly flat glycine molecules held together by hydrogen bonds 
between adjacent nitrogen and oxygen atoms to form continuous layers 
throughout the crystal. The atomic arrangement suggests a “ zwitter ion” 
structure for glycine molecules in the crystal also (*NH;-CH,.COO-). 
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the TABLE I 
mi Raman frequencies of crystalline a-glycine 
a). 

Kahovec and Anantha- Infra-red 
we SI, No. Authors Edsall Kohlrausch krishnan (Lenormant) 
1es, 
lan 1 53 (7s) 
son 2 74 (6s) 
om 3 90 (1) 
6 183 (4s) 

7 199 (3s) 
of 8 358 (3s) 
irst 9 499 (4bd) 507 - 507 
ors 10 588 (1) 589 on 
nal i 677 (1) 
to 13 896 (8d) 891 870 893 
14 925 (1) 
15 1038 (3s) 1033 1020 1047 
or- 16 1112 (2s) 1112 ahs 1121 
17 1140 (35) 1130 1132 
ved 18 1320 (6) 1323 1320 1319 we 
19 1330 (10) Ee aie 1336 1332 
20 1395 (2) 1388 
21 1414 (6d) 1404 1400 1397 1408 
22 1441 (4s) os 1440 1437 1442 
ns, 23 1459 (3s) 1460 
nic 24 1506 (3d) a 1510 1499 1518 
ai 25 1563 (4d) sa 1570 1577 1562 
ine 26 1640 (1) os 1650 1650 1618 
m- 21 1668 (2) id 1627 
42' 28 2530 (1) ina 
ace 29 2630 (3) in - 2592 
ors 32 2895 (2) 2870 
1” 33 2974 (10) 2968 2960 2959 
34 3008 (8) 3002 ote 2999 
35 3145 (3) 3113 
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(a) External oscillations —The recorded spectrum exhibits 7 low fre. 
quency Raman lines with frequency shifts 53, 74, 90, 109, 164, 183 ang 
199 cm.-! Of these, the line at 90 cm.— is very faint. The line at 109 cm 
is the most intense. Of the 6 prominent lattice lines, the first three 
fall under one group and the remaining three fall under another group 
of closely spaced lines. All of them are reasonably sharp. From the fact 
that the unit cell belongs to the space group C,,,5, and that it contains 4 mole. 
cules of glycine, taking each molecule as a unit, it is possible to work out 
the number of possible external or lattice oscillations {that are active in 
Raman effect. The full character table is given in Table II. The symbol 
given in the table have the usual significance. It is seen from the table that 
excluding the 3 translations (T) of the unit cell as a whole, there are 12 rota- 
tory modes (R’) and 9 translatory modes (T’) of lattice oscillations. Of 
these, 6 rotatory modes and 6 translatory modes are active in Raman effect. 
In the case of organic crystals of the molecular type where the individual 
units are of the same kind as in naphthalene and held together by forces 
weaker than those in inorganic crystals like calcite, it is generally found that 
the translatory type of lattice oscillations appear very feebly in almost all the 
crystals studied (Kastler and Rousset, 1941; Fruhling, 1951) and the intense 
low frequency shift lines appearing in the Raman spectra of organic crystals 
should rarely be attributed to the translatory type of oscillations (see page 22 
of Rousset’s Book on “‘La Diffusion DeLa Lumiere par les Molecules Rigides”, 
1947). It is obvious therefore that the six intense lattice lines recorded in 
the spectrum of glycine may be attributed to the six rotational modes of the 
glycine molecule permitted to appear in Raman effect. Of these six, three 
are of the symmetrical class A, (symmetric with reference to two-fold axis) 
and the rest are of the anti-symmetric class A,. It is well known that in 
the case of a monoclinic crystal Raman lines coming under the symmetric 
class A, should exhibit a variation in intensity with the orientation of the 
crystal (Saksena, 1940). In order to find out the class to which the observed 
lattice lines belong, preliminary studies were made of the effect of crystal 
orientation on the intensity of the Raman lines. For this purpose the crystallo- 
graphic axes of the crystal were identified. The following two orientations 
were used: (1) Illumination along a and observation along y, and (2) Ilumi- 
nation along 8 and observation along y. It is observed that the set of lattice 
lines, namely, 164, 183 and 199 cm.— exhibited marked variation in intensity 
with the orientation, and these three may therefore be attributed to the three 
modes of symmetric class A,. Accurate polarisation studies are being 
carried out. The first three lattice lines 53, 74 and 109 should therefore 
belong to asymmetric class A,. The feeble line near 90 cm.-! may be a trans- 
latory type of lattice oscillation. 
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TABLE II 


Selection Rule 


Raman Infra-red 


Us (s) 0 
Un (s— v) oe 0 
iy ®) 0 

3 


hy xp (T’) 


p=permitted; = forbidden. 
(b) Internal oscillations —The 28 Raman lines of frequency shifts varying 


from 358 cm.-! to 3145cm.- can be classified as the internal oscillations 
of the glycine molecule and are analysed as follows: 


The two intense lines with frequency shifts 3008 cm. and 2974 cm. 
should be assigned to the C—H stretching vibrations. The 2974 line which 
is more intense is nearly twice as broad as the 3008 line. The 2974 line can 
therefore be attributed to the symmetric stretching vibration. On either 
side of those two intense lines there are a few diffuse bands with mean fre- 
quency shifts 3145, 2895, 2830, 2750, 2630 and. 2530cm.* They may be 
attributed to N—H stretching vibrations. The fact that there are no fre- 
quency shifts above 3145 cm.-' clearly shows the absence of trivalent nitro- 
gen as in amines. This observation supports the conclusions of earlier in- 
vestigators that there is no free amino group in crystalline glycine and that 
the constitution of the ylycine molecule is +tNH;.CH,-COO-. This is 
supported also by the investigations on the infra-red carried out by Lenor- 
mant (1946). Two bands are commonly observed in the spectra of “NH; 
compounds due to the N—H bending vibrations. They usually occur in 
the ranges 1640-1535 and 1520-1490. The lower of the two bands is usually 
more intense. In the spectrum of glycine there are two lines at 1640 and 1506 
and these could therefore be assigned to the asymmetrical and symmetrical 
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N—H bending vibrations. Both of them are broad and might possess a 
structure. 


The non-appearance of any Raman line with a frequency shift in the 
1700 region indicates the absence of the carboxyl group 


O 


in the crystalline glycine. The two feeble lines 1668 and 1563 may be attri- 
buted to the C = O oscillation of the ionised carboxyl group. The lines 
at 1459 and 1441 are extremely sharp but weak, and can be attributed to the 
C—H scissoring vibrations. The lines 1414 and 1395 form a close doublet, 


the former being more intense. These may be attributed to the symmetrical 
valence vibrations of the 


O 


group. The 1330 and 1320 lines which also form a very close doublet may be 
attributed to C—H wagging and twisting vibrations. The 1140 and 
1112cm.-? might arise from the C—CH, rocking vibrations, while the 
1038 line can be assigned to the C—N stretching vibration. The 896 line 
which is very intense is due to the C—C stretching vibration. The 697 line is 
in all probability due to the C—N bending vibrations. The 499 and 358 lines 


are due to the C—C bending and torsional oscillations. The 499 is more 
intense and broad. 


5. SUMMARY 


Raman spectrum of a single crystal of a-glycine has been photographed 
using A 2536-5 excitation. 35 Raman lines have been recorded with fre- 
quency shifts 53, 74, 90, 109, 164, 183, 199, 358, 499, 588, 677, 697, 896, 925, 
1038, 1112, 1140, 1320, 1330, 1395, 1414, 1441, 1459, 1506, 1563, 1640, 1668, 
2530, 2630, 2750, 2830, 2895, 2974, 3008 and 3145. Of these 17 have been 
recorded for the first time. The 6 intense lattice lines 53, 74, 109, 164, 183 
and 199 have been attributed to the rotational oscillations of the 4 molecules 
of glycine contained in the unit cell of the crystal. Assignments have also 
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been made for all the prominent internal frequencies. The present study 
confirms the existence of -tNH, groups and the ionisation of the carboxyl 
group even in the crystal. 


6. REFERENCES 


. Albrecht, G. and Corey,R.B. Jour. Am. Chem. Soc., 1939, 61, 1087. 
Ananthakrishnan, R. .. Proc. Ind. Acad. Sci., 1937, 5 A, 200. 


. Baba, H.Shimanouchi,T.and Jour. Chem. Soc. Japan Pure Chem. Sec., 1949, 70, 333. 
Mizushima, S. 


4, Edsall, J. T. .- Jour. Chem. Phys., 1936, 4, 1. 
. Fruhling, A. -. Ann. de Phys., 1951, 6, 401. 


. Kahovec, L. and Kohlirausch, Mon. f. Chemie, 1936, 68, 359. 
K. W. F. 


. Kastler, A. and Rousset,A. .. C. R. Acad. Sci., 1941, 212, 645; Journal de Physique, 
1941, 2, 49. 


Lenormant, H. -- Comp. Rend., 1946, 222, 1432.; Jour. Chem. Phys., 1946, 
43, 327. 


. Marsh, R. E. .. Acta Cryst., 1957, 10, 814. 
. Saksena, B. D. -. Proc. Ind. Acad. Sci., 1940, 11 A, 229. 


POLAROGRAPHIC BEHAVIOUR OF ORGANIC 
IODOCOMPOUNDS 


Part II. Iodonaphthalene 


By C. S. RAMANATHAN AND R. S. SUBRAHMANYA 
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(Communicated by Prof. K. R. Krishnaswami, F.A.sc.) 


INTRODUCTION 


IN a previous communication, it has been stated that in the case of iodo 
benzene the diffusion current constant increases with an increase in the con 
centration of the organic solvent. This is in contrast to the diminution in 
the diffusion current constant with an increase in the concentration of the 
organic solvent observed by many workers?“ for different substances both 
organic and inorganic. It was therefore thought desirable to extend these 
studies to the case of 2-iodonaphthalene which has a two-ring system in the 
molecule and compare the results with those obtained in the case of iodo- 
benzene. In the present communication, the influence of different propor- 
tions of ethanol, dioxane and acetone in the aqueous base solutions on the 
polarographic behaviour of 2-iodonaphthalene is presented. 


EXPERIMENTAL 


The experimental polarographic technique has been essentially the same 
as that described previously." The values of ‘m’ of the dropping mercury 
electrodes employed have been 1-183 and 1-059 mg./sec. and the drop-time 
‘ t’ has been adjusted to be 5 seconds a drop in 1 normal potassium chloride. 
The temperature of recording the polarograms has been 30° + 0-1°C. Diffu- 
sion coefficients have been measured by the diaphragm cell technique 
as already described. The cell constant has been determined by employing 
potassium chloride as the reference substance and is found to be 0-5782 log 
units per sec. The King and Cathcart' equation is employed for calculat- 
ing the diffusion coefficient. 


2-Iodonaphthalene was prepared by diazotisation of 2-aminonaphtha- 
lene and subsequent decomposition of the diazonium salt with potassium 
iodide as suggested by Schmidin.5 The crude product is recrystallised from 
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ethanol and dried in vacuo (m.p. 54-5°C.). Alcohol, dioxane and acetone 
have been purified by standard methods.*»? One molar lithium chloride 
(prepared from reprecipitated lithium carbonate) was used as the indifferent 


electrolyte. As no maximum appeared on the C-V curve no gelatin was 
added to the base solution. 


Measurement of polarographic characteristics of 2-iodonaphthalene 


1. Effect of concentration of ethanol, dioxane and acetone on the 


diffusion current constant, half-wave potential and E;-E; of 2-iodonaph- 
thalene. 


Some of the polarograms showing the influence of the concentration of 
ethanol and dioxane are given in Figs. 1 and 2. For purposes of compari- 
son the curves obtained employing 30%, 40% and 60% are also included in 
Fig. 1. It is clear that the wave heights are practically the same in all cases. 
The waves in acetone media are similar to those in ethanol. The results of 
analysis of various polarograms are presented in Table I. 


TABLE I 


Effect of concentration of organic solvent on the polarographic behaviour 
of 2-iodonaphthalene 


% by 
Organic volume of Diffusion E, vs. S.C.E. We 
solvent organic current (Volt) olt 
solvent constant 


10 
25 
50 
75 
98 
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It has to be pointed out that solutions containing more than 60% dio- 
xane or acetone have not been used as it is not possible to employ one molar 
lithium chloride, when higher concentrations of dioxane or acetone are em- 
ployed in the base solution. Increase in the concentration of dioxane or 
acetone increases the resistance of the cell circuit. 


The above results indicate that there is very little change in the diffusion 
current constant of 2-iodonaphthalene with an increase in the concentration 
of the organic solvent. This is surprising since in the case of iodobenzene! 
an increase in the diffusion current constant has been observed with an en- 
hancement in the organic solvent concentration. The diffusion current con- 
stant in acetone solutions is greater than in alcohol or dioxane systems. The 
half-wave potential shifts slightly to more negative values with an increase 
in the concentration of the organic solvent as in the case of iodobenzene. 


The values of E;-E; are of the order 0-1 V indicating that the reduction pro- 
cess is irreversible in character. 


Measurement of the diffusion coefficient of iodonaphthalene 

1. Diaphragm cell method.—Since the diffusion current constants of 
2-iodonaphthalene (Table I) were practically the same at different concen- 
trations of the organic solvent, the diffusion coefficients have been determined 
only at one concentration of the organic solvent, namely, 50% by volume. 
The diffusion coefficients under the above conditions are 5-098 x 10%, 
4-71x01° and 7:40x 10-* sq. cm. per sec. in ethanol, dioxane and acetone 


respectively, showing that the diffusion coefficient depends upon the 
solvent used. 


2. Equivalent conductivity data—The diffusion coefficient of iodo- 
naphthalene has been computed from the equivalent conductivity of o-iodo- 
benzoic acid by the method described previously." The value is found to 
be 9-28x10-* sq. cm. per sec. at 30°C. 


3. Viscosity method.—Employing the viscosities of the base solutions 
determined by the Ostwald viscometer, the diffusion coefficients of iodo- 
naphthalene in different concentrations of the organic solvent have been 
calculated employing the Stokes-Einstein diffusion equation modified to 
suit the polarographic conditions.’ The molar volume of iodonaphthalene 
is taken to be 181-9. The viscosities of the base solutions and the diffusion 
coefficients calculated on their basis are presented in Table II. 


It is seen that the values of the diffusion coefficient decrease with an 
increase in the concentration of the organic solvent, while the values of the 


diffusion current constants (Table T) remain practically the same at all con- 
centrations of the organic solvent used. 
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TABLE II 
Diffusion coefficient of iodonaphthalene at different concentrations 
of organic solvent computed from viscosity data 
Concentration of lithium chloride = 1 M. 


Ethanol Dioxane 


Acetone 


of n of Dx 10° n of Dx 10° 
the base (sq. the base (sq. the base (sq. 
Y by solution cm. % by solution cm. % by solution cm. 
volume (centi- per volume (centi- per volume (centi- per 
poises) sec.) poises) sec.) poises) sec.) 


1-184 
1-650 


1-150 4-63 1-093 
1-559 3-41 1-263 
50 2-318 2-29 40 2-079 2°55 1-371 3-87 
5 2-653 2-00 50 2-444 2°17 1-445 3-68 
2-820 60 2-638 2:01 


1-445 


Comparison of the diffusion coefficients obtained by the three methods 
reveals significant differences in the values. The diffusion coefficients ob- 
tained by the diaphragm cell method are different from those calculated by 
viscosity data under similar conditions. The value derived from equivalent 
conductivity data does not agree with the values obtained either by the dia- 
phragm cell method or the viscosity method. 


Calculation of the number of electrons involved in the reduction process from 
the Ilkovic Equation 


The number of electrons inolved in the reduction process has been cal- 
culated on the basis of the Ilkovic Equation! by employing the diffusion 
coefficients obtained by the diaphragm cell, viscosity and equivalent con- 
ductivity methods. It is noteworthy that when the diffusion coefficients 
determined by the diaphragm cell are used, the number of electrons involved 
in the reduction of 2-iodonaphthalene is found to be 1-8, 1-8 and 1-9 in 50% 
ethanol, dioxane and acetone respectively. The number of electrons as cal- 
culated by employing the diffusion coefficients from the other two methods 
are given in Table III. It is clear that the values of ‘nm’ vary very widely 
from two though there is fortuitous coincidence in some cases, 
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TABLE III 


Number of electrons involved in the reduction of 2-iodonaphthalene in aqueous 

mixtures of ethanol, dioxane and acetone calculated employing the 
diffusion coefficients from the conductivity and viscosity methods 

Concentration of lithium chloride = 1 M. 


%b ‘n° calculated from the 
Organic of diffusion coefficient by 
solvent = conductivity viscosity 


method method 


Ethanol 10 1-4 2-0 
25 1-4 2-3 
50 1-3 2-7 
75 1-3 2°8 
98 1-3 2:9 
Dioxane 10 1-3 1-9 
25 1-3 2:1 
40 1-3 2:5 
50 1-3 2:7 
60 1-3 2-7 
Acetone 10 1-8 2-4 
20 1-7 
25 1-7 2:7 
50 1-7 
60 1-7 2:7 


DISCUSSION 


1. Influence of solvent on the diffusion current constant and diffusion 
coefficient and the mechanism of the reduction process of 2-iodonaphthalene. 


It has been found that, in the case of iodonaphthalene (Table I), the 
diffusion current constant is practically constant with an increase in the con- 
centration of the organic solvent in contrast to the behaviour of iodobenzene! 
where an increase has been noticed. This is surprising since iodonaphthalene 
is closely related to iodobenzene in structure. In the case of iodobenzene it 
has been shown that the variations in the diffusion current constants in all 
the three solvents are solely due to the variations in the diffusion coefficients 
determined by the diaphragm cell method under polarographic conditions, 
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Even in the case of iodonaphthalene, it has to be pointed out that the 
diffusion current constants in 50% ethanol, dioxane and acetone are pro- 
portional to the square-root of the diffusion coefficients determined by the 
diaphragm cell method. It is therefore reasonable to conclude that even 
in the case of iodonaphthalene the diffusion coefficient as determined by the 
diaphragm cell method accounts for the constant value of the diffusion current 
constant at different concentrations of each of the organic solvents employed 
in the investigation. On the other hand, the diffusion coefficients derived 
from viscosity data decrease with an increase in the concentration of the 
organic solvent, indicating that it is not possible to explain the constancy of 
the diffusion current constant on this basis. 

As already pointed out the number of electrons involved in the reduc- 
tion process calculated on the basis of the diffusion coefficient by the dia- 
phragm cell technique is two. The values of‘n’ calculated using the 
diffusion coefficients from viscosity data vary from 1-9-2-7. The diffusion 
coefficient from the equivalent conductivity data does not explain the differ- 
ences in the diffusion current constant values in the various solvents and also 
lead to values of ‘n’ varying between 1-3-1-8. It can therefore be concluded 
that it is not possible to depend upon the diffusion coefficients computed 
either from the viscosity or equivalent conductivity methods to arrive at the 
reduction mechanism by using these values in the Ilkovic Equation. 


The following mechanism can be suggested for the reduction of iodo- 
naphthalene in all the three solvents:— 


CyH,I + 2e + Ht > + 


The above mechanism is similar to the one suggested in the case of iodo- 
benzene.! 


2. Effect of concentration of the organic solvent on the half-wave 
potential and 

As in the case of iodobenzene,! an enhancement of the proportion of 
the organic solvent in the base solution shifts the half-wave potential to 
more negative values (Table I), indicating greater difficulty of reduction. 


The values of E,;-E; are of the order of 0-1V indicating the irreversible 
nature of the reduction process. 


SUMMARY 


1. The polarographic behaviour of 2-iodonaphthalene has been studied 
in aqueous mixtures of ethanol, dioxane and acetone containing 1 M lithium 
chloride. The diffusion current constant is practically unaltered with the 
solvent concentration. Employing the diffusion coefficients determined by 
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the diaphragm cell method in the Ilkovic Equation the number of electrons 
involved in the reduction process has been calculated as two. The limitations 
in employing the diffusion coefficients obtained by equivalent conductivity 
and viscosity methods for arriving at the reduction mechanism have been 
pointed out. 

2. The half-wave potential shifts to more negative values with ai, 
increase in the concentration of the organic solvent. The values of E;-E, 


have been found to be of the order of 0-1 V. indicating the irreversibility of 
the electrode process. 
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Fic. 1. Effect of concentration of ethanol on the polarographic behaviour of 2-iodonaphtha- 
lene (1-268 millimolar) employing 1 M lithium chloride as indifferent electrolyte. Curves 1-4 
are obtained using 30°%, 40%, 50°4 and 60°% ethanol respectively. Sensitivity : $/70. The voltage 
line just before the beginning of each polarogram corresponds to — 1-173 V. vs. S.C.E. 


: 


Fic. 2. Effect of concentration of dioxane on the polarographic behaviour of 2-iodonaphtha- 
lene (1-032 millimolar) employing 1 M lithium chloride as indifferent electrolyte. Curves 1-2 
are obtained using 10% and 60% dioxane respectively. Sensitivity: Curve 1, $/50; Curve 2, S/70. 
The voltage line just before the beginning of each polarogram corresponds to — 1-173 V. vs. S.C.E. 
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ULTRASONIC VELOCITIES IN ROCKS: SOME 
SPECIAL FEATURES OF INDIAN GRANITES 


By S. BALAKRISHNA 
(Geology Department, Osmania University, Hyderabad) 


Received July 25, 1958 
(Communicated by Dr. S. Bhagavantam, F.A.sc.) 


1. INTRODUCTION 


DETERMINATION of ultrasonic velocities in rocks and their relation to certain 
geological features has been a subject of interest to geophysicists in recent 
years. The author has been engaged in measuring longitudinal and tor- 
sional velocities in several igneous, sedimentary and metamorphic Indian 
rocks. Experimental results so far obtained show that longitudinal velocities 
in most rocks lie in the region of 6000 m./sec. while the torsional ones are 
in the region of 3000m./sec. Different rock specimens belonging to the 
same type but taken from different localities have been examined so as to 
ensure the representative character and accuracy of the velocities. Some, 
where they seem out of the way, have been verified by the author using differ- 
ent methods such as Wedge method (Bhagavantam and Bhimasenachar, 1944), 
reflection technique (Krishnamurthi and Balakrishna, 1953), and pulse tech- 
nique (Pellam and Galt, 1956). The values in the case of Indian rocks are 
further compared with those obtained by Birch (1943), Hughes and Jones 
(1950) and Kubotera (1954) working on rocks of other countries. Out of 
all the Indian rocks, granites stand out prominently and show some special 
features in that they exhibit high ultrasonic velocities at room temperature 
and pressure in comparison with granites from other countries. In this 


paper an attempt is made to examine the behaviour of Indian granites in 
detail. 


2. RESULTS AND DISCUSSION 


The ultrasonic velocities in some Indian granites as determined by the 
total internal reflection method described by Krishnamurthi and Balakrishna 
(1953) are given in Table I. V; (longitudinal) and V; (torsional) velocities 
are in m./sec. and correspond to atmospheric pressure. 


Young’s modulus (Y), rigidity modulus (m) in units of 10% dynes/cm.? 
and the Poisson’s ratio o have also been tabulated in Table I. 
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TABLE I 


Ultrasonic velocities in Indian granites 


Density 


S. No. Locality gm./c.c. V; V; Y n o 
1 Hyderabad 2-80 7187 4G 
2 Hyderabad 2-68 6395 3362 7:93 3:03 0°31 
Rajasthan 2-75 6085 3055 6°83 2:56 0:33 
4 Errimpura 2°63 6134 3575 8-32 3:36 0:24 
5 Errimpura 2°70 6236 2950 6:37 2:35 0-35 
6 Jubbalpore 2-67 6250 3408 8-00 3-10 0-29 
7 Jaggayapet 2-70 7460 3104 7:26 2:60 0:39 
8 Jaggayapet 2-68 6870 3472 8-58 3°23 0:33 
9 Podili 2-64 6420 3075 6:74 2:49 0-35 

10 Podili 2-60 6080 3050 6-81 2:52 0-33 
11 Podili 2-69 6674 2712 5:54 41:97 0-40 
12 Vinukonda 2-60 6114 3020 6°63 2:46 0-34 
13. Bundelkhand 2-65 5964 2852 6:54 2:42 0:35 
14 Ranchi 2°62 6200 2952 6:17 2:28 0°35 
15 Nagpur 2-58 6540 3150 6:93 2:56 0:34 
16 Bihar 2-60 6160 2754 5:42 1:97 0:37 


Table II gives the ultrasonic velocities in some American and Canadian 
granites as determined by Birch and his associates and by the author, using 
pulse technique. The figures given (V) are in km./sec. and correspond to 
atmospheric pressure. 


The results of Tables I and II show that Indian granites exhibit high 
values even at normal pressures. This appears to be a special feature of 


theirs. 


An attempt has been made in Table III to collect ample experimental 
data relating to granites to show that there are noteworthy discrepancies bet- 
been results obtained by different methods. The values run over a wide 
range. Longitudinal velocity (V;) is in m./sec. and Young’s modulus (Y) 


is in units of 10% dynes/cm.? 
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TABLE II 


Ultrasonic velocities in some American and Canadian granites 


S. No. Locality peter Vv 
1 Rock Fort 5-0 
2 Barrfield 5-7 
3 Bare Be 5-1 
Chemsford . 4-2 
5  Engleheart 6-1 
6 Sacredheart 5-9 
7 Quincy 5-0 
8 Latchford 5-7 
9 Canada 6-1 

10 Canada 6-5 
11 Canada 6:5 


It can be seen from Table III that ultrasonic velocities in granite 
depend on the method employed and consequently to some extent on the size 
and shape of the sample used. For instance Bacher’s, Schafer’s and Bala- 
krishna’s results in Table III show an agreement, presumably because 
they use high frequency methods and the sample is of the same size in all 
cases. Birch’s results however show a marked difference because he uses long 
cylinders and also a low frequency method. Further it should be noted here 
that his values are not directly measured but they are obtained from the usual 
formule on the assumption that rocks are homogeneous and isotropic. He 
has computed Young’s modulus, Posisson’s ratio and the velocity of longi- 
tudinal waves in an infinite medium, in terms of the measured rigidity and 
compressibility. Results of Hughes appear to be a compromise between 
the two in that he uses fairly small cylinders and employs a high frequency 
ultrasonic pulse method, where the liquid does not come into contact with 
the rock. From Table III it can be concluded that velocities in rocks 
usually are higher than most other solids and that these velocities depend on 
the petrogenitic history of the rock, on the method which is employed and 
consequently on the size and shape of the sample. They also show some 
dependence on the density of the rock. 
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TABLE III that 
Comparison of ultrasonic velocities in granites - 
typi 
Author Method Locality Shape V; Y Tab 
Adams and Static American _Large a 4- 1-6-3 
Coker cylinder 
Nagaoka Flexural Japan 1-1-4-2 
Zisman Ide’s method American 5700 2+7-5-96 
Leet Seismic American Earth’s 4500-5700 
crust 
Bacher Bez Bardili German Wedge 6500 
shape 
Birch and DynamicL.F. American Large 5200 
Bancroft cylinder 
Ide Dynamic L.F. American Large 3+7-4°7 
me 
cylinder 
Schafer Bar-Walti German Plate 5750 - lat 
Muller Spark photo- German Small i 5°7 tic 
graphy cylinder gr 
Balakrishna Wedge method Indian Plate 6326 4-2 in 
Balakrishna Pulse method Indian Plate 6400 3-7-4-52 
Balakrishna Balamuth and Indian Small 6020 ve 
Rose cylinders w 
Hughes and Pulse method Texas Rods 6050 . a th 
Jones in solids | al 
Hughes and Pulse method Texas Rods 5811 
Cross in solids , 
Kubotera Ultrasonic Japan Rods 4090-5890 a 
pulses 
Another aspect of study in granites relates to the grain size. In earlier e 
publications by the author (1954), it has been shown that there is a difference r 
of transmission of sound through different rocks and that this difference is i 


intimately connected with granular structure or grain size. It was also shown 
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that in coarse-grained rocks, the velocities are low and in fine-grained rocks, 
they are high. Both longitudinal (V;) and torsional (V;) velocities in m./sec. 
together with the density (gm./c.c.) and average grain size (mm.) for three 
typical granites are determined in this investigation and tabulated in 
Table IV. 


TABLE IV 


Velocities in granites versus grain size 


Jaggayapeta 0-4 6870 3472 
2 Hyderabad 0-6 6375 3362 
3 Rajasthan 6085 3055 


From the above results, which are obtained by the same high frequency 
method for same types of rocks but from different localities, it can again be 
concluded that transmission of sound through granitic rocks is closely re- 
lated to their granular structure, specially grain size. An important observa- 
tion made here is that both the velocities (V; and V;) decrease with increasing 


grain size. It has also been noticed that absorption increases as grain size 
increases. 


Indian granites have further been subjected to high pressures and the 
velocities in km./sec. at corresponding pressures are given in Table V. This 
work has been carried out by the author in Dunbar Laboratories using 
the pulse technique. Results relating to three samples of American granites 
are also included in the table. 


Table V clearly shows that Indian granites at low pressures exhibit com- 
paratively high values of velocities, and consequently a relatively small rise 
at high pressures (10,000 bars). A plot of longitudinal velocity versus hydro- 
static pressure on the sample has the characteristic that the velocity increases 
rapidly at low pressures and only slowly at higher pressures (Fig. 1). This 
effect is more pronounced in American granites than in Indian granites. The 
peculiar behaviour of Indian granites, when compared with American granites, 
is to be attributed to their compactness, old age and their different petro- 
genitic history. 


| 1. Indian granite . 
9 
“ 
~ 
55) Rock port 
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TABLE V 
Variation of ultrasonic velocities with pressure in granites 


S. No. Locality (10/000) 
1 Indian — 6-15 6-66 
2 Indian 265 6-32 6-63 
Indian 268 6-10 6-61 
4  Chemsford 4-21 6°35 
5 Rock Port 5-00 6-51 
265 5-10 6-39 


Fic. 1, Ultrasonic velocities in granites at different pressures. 
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3. SUMMARY AND CONCLUSIONS 


It is now established that the sound velocity in most Indian granites is 
of the order of 6-2 km./sec. This relatively high velocity, when compared to 
granites from other countries at atmospheric conditions of pressure and 
temperature, indicates more compactness due probably to older age. Trans- 
mission of sound also depends mainly upon the granular texture. A 
plot of longitudinal velocity in rocks versus hydrostatic pressure on the sample 
shows that the velocity increases rapidly with pressure at lower values and 
then slowly with pressure in the higher ranges, 
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STUDIES ON TRAVANCORE MONAZITE 


VI. Investigation on the Solid-Solid Reaction between Monazite and 
Sodium Carbonate by Differential Thermal Analysis 
and by X-Ray Diffraction* 


By K. N. N. Kurup anp S. S. MoosaTH 
(Applied Chemistry Laboratory, University of Kerala, Trivandrum) 


Received March 7, 1958 


(Communicated by Dr. M. R. A. Rao, F.A.Sc.) 


Optimum conditions for the removal of phosphatic content 
in monazite sand by sintering with sodium carbonate are described in the 
previous papers in the series.t Results of investigation by D.T.A. and 
X-ray diffraction of the solid-solid reaction between monazite sand and 
sodium carbonate are now given. The D.T.A. curve shows that it is 
a slow exothermic reaction. X-ray diffraction patterns, besides confirming 
the constituents in the sintered product identified chemically, show the 
presence of a new phase. 


Numerous references are available in literature regarding the apparatus, 
technique and applications of differential thermal analysis..* Many types 
of thermal changes of simple and complex materials have been studied by 
this technique. Much data have been compiled that the procedure is 


now almost a routine one in the analysis of various inorganic compounds, 
minerals and ores. 


EXPERIMENTAL 


It was felt that this technique could profitably be employed in under- 
standing some features of the thermal decomposition of monazite by sinter- 
ing with sodium carbonate at 750° C. 


The sample holder was a cylindrical silver block, 2cm. in height and 
1-5cm. in diameter. There were three holes drilled on the block, each 


* The authors are indebted to Dr. Rustom Roy, College of Mineral Science and Industry, 
Pennsylvania State University, University Park, Pa, U.S.A., for affording facilities to S.S. M. 
to conduct these studies in his laboratory. S. S. M. acknowledges with gratitude the invaluable 
help and co-operation received by him from Dr. Roy and his colleagues and also from 
Dr. W. H. Hutchinson, College of Chemistry and Physics of that University. 


t Part V of the series is published in the Bulletin of the Central Research Institute, University ' 


of Travancore, 1957, § (1), 21, 
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2cm. diameter and 8 mm. deep, one hole for the thermo-couple to note the 
temperature of the block, the second hole for the reference material and 
the third for the sample. The block was clamped vertically inside the tubular 
furnace mounted vertically. The furnace was heated electrically with a rise 
in temperature of 10°C. per minute. The reference material used was cryo- 
lite. The thermo-couples were of chromel-alumel. The differential thermo- 
couple was connected, after magnification of the current, to an automatic 
recording device, the thermal curve being continuously plotted as the heat- 
ing of the material progressed. The experiment was first carried out with 
one of the holes packed with pure powdered monazite sand, and the other 
hole with cryolite, the reference material. The thermal curve was then 
recorded with an initimate mixture of monazite sand and sodium carbonate 
in one of the holes and with cryolite in the other. A and B represent the 
curves thus obtained. 


O.TA. CuRVE 
A. MONAZITE - 
B.MoONnAZITE +500. CARBONATE-CRVOLITE 


DEFLECTION ——» 


200 400 600 
Temp. °c 


D.T.A. Curve—Sintering Monazite Sand with Sodium Carbonate. 


X-ray diffraction patterns.—With a view to gain some insight into the 
nature of the products formed during sintering of the sand with sodium 
carbonate, X-ray patterns of the reaction products at various stages were 
recorded and examined. For purposes of comparison and identification, 
diffraction patterns of monazite, total oxides from monazite by oxalate 
ignition, synthetic mixture of sodium carbonate and sodium phosphate and 
a fused sample of monazite with sodium carbonate were also recorded. 


The instrument used was Phillip’s wide range diffractometer, an auto- 
matically recording Geiger counter instrument, with CuKa radiation, filtered 
through nickel and operated at40K.V.P. and 15mA, The scanning speed 
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used in all these recordings were 2°, 2 #/minute. The results are given in 
Figs. 1-10. 

Figure 1.—This is the diffraction pattern of Travancore monazite, used 
in these studies. The slide was made with powdered sand and put in the 
instrument. The peaks are in general agreement with those given in 
ASTM X-ray card file. 

Figure 2.—This is the pattern obtained from the total basic oxide in 
monazite sand. A little sand was digested with twice its weight of sulphuric 
acid, cooled and extracted with water. The rare-earths and thorium were 


1. TRAVANCORE MONAZITE 


\ 


20 30 50 Deg 60 
2. TOTAL OXIDES FROM MONAZITE 
20 30 Ao 50 Deg. 2 0+—60 


Fics. 1-2 

X-Ray Diffraction Patterns of Travancore Monazite and of Total Oxides from Monazite. 
precipitated with oxalic acid. The oxalate precipitate was filtered, washed 
and ignited at 850°C. The slide was prepared from the oxides thus obtained. 
The graph shows a fluorite phase which is poorly crystallised but which has 
a large spacing, indicating maximum solid solution. a,= N 5-60. Why 
this phasing is larger than that of sodium carbonate fused oxides (Fig. 5) 
is difficult to explain, 
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1 Figure 3.—This is the pattern obtained from the product of sintering at 

750° C. for 2 hours of monazite sand and anhydrous sodium carbonate in 
i the ratio 1:2 by weight. From the graph, traces of monazite may still be 
} seen but a new phase, sodium phosphate and sodium carbonate can be 


detected. In the water extract dried at 160°C. (Fig. 9), Na,PO,H,O is 
found and thus P,O,; availability (chemically) is corelated with formation of 
Na,PO, at the leaching stage. ‘‘ Ceria” has not crystallised appreciably 
at this stage as it does in Figs. 4 and 5. The new phase is characterized 
by the appearance of at least 2 diffraction maxima at 3-29A and 2-61 A. 
It is apparently unstable in water or sodium carbonate solution dissociating 
to PO,*-~ ions. 


Figure 4.—The sintering of monazite and sodium carbonate at 750° C. 
was carried out for 48 hours. The slide was prepared from this product and 
examined. The pattern obtained shows excess of sodium carbonate and 


3. MONAZITE + NagCog HEATED FOR 
2 HOURS AT 750°C. 


20 30 40 5D Deg 20+—60 | 


4s. |MONAZITE +Nag Cos HEATED FOR 
48 Hours Ar 750°C. 


20 22 “2 50 Cute, bop | 


Fics. 3-4 


X-Ray Diffract Patterns of Monazite and Sodium Carbonate Heated for Different 
"epieds ui ‘Lime, 
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fairly crystallised ‘CeO,’ phase. The peaks are very broad, representing 
either fine particle size or a mixture of several phases each with a different 
amount of R,O, in solid solution. There is a noticeable increasé in the 
average lattice parameter, but not as much as in Fig. 5, suggesting that at 
this stage not all the R,O, has been absorbed in the CeO, lattice. 


Figure 5.—For a comparative study, total oxides from monazite obtained 
by fusion with sodium carbonate were examined. The pattern consists 
almost entirely a single oxide phase with the fluorite structure representing 
‘CeO,’ with some larger ions (probably trivalent) in solid solution. Lattice 
spacings are considerably expanded amounting to approximately a) = 5-54 
as compared. to a) = 5-411 for pure CeQ,. 


Figure 6.—The sand after fusion with the sodium carbonate was leached 
with water and the residue thus obtained was examined. The pattern shows 
only ‘ CeO,” solid solution phase. 


5 MONARITE FUSED WITH 
Naz Cog 909°C. 


50 Cuka Deg 20-60 


6. FUSED| MATERIAL AFTER 
LEACHING WITH WATE 


39 40 


Deg 204-00} 
Li 


Figs. 5-6 
X-ray Diffraction Patterns of the Fusion Products of Monazite with Sodium Carbonate, 
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Figure 7.—This is the pattern of the residue after leaching with water of 
the product obtained by sintering at 750°C. for 48 hours. It shows clearly 
mixture of various ‘CeO,’ solid solution phases with unit cells ranging 
upwards. from pure CeQ,, but smaller than those in Fig. 6. 


Figure 8.—This is the pattern of the residue after leaching with water 
of the product obtained by sintering at 750° C. for two hours. Unreacted 
monazite and very poorly crystallised ‘CeO,’ can be detected clearly from 
the figure. It is interesting to note that this ‘CeO,’ has the spacings of 
nearly pure CeO,, with none of the other rare-earths as yet admitted into 
solid solution. 


7. RESIDUE AFTER MONAZITE 
WITH SOD!/4 CABONATE 
AY 750°C. FOR 4.8 HOURS AND LEACHING WITH WATER, 


20 30 £0 Deg 


8. RESILUE ASTER HEATING MOHMAZITE 
WITH. SODIUM CARBONATE 
Rr 750°C. For 2 HOURS AND LEACHING WITH WATER. 


20 30 40 50 Cuky Deg 28+—60 


Fics. 7-8 
X-Ray Diffraction Patterns of the Leached Products of Siriciirg Monazite with Scdium 
Carbonate. 
Figure 9.—The water extract from Fig. 8 was evaporated to dryness and 
dried at 160° C. for 6 hours. The slide was prepared from this material and 
examined, The pattern shows the presence of Na,CO,; and Na,PO, H,O, 
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Figure 10.—For comparison of the results in Fig. 9, a solution of 
sodium carbonate and sodium phosphate in equimolar ratio was prepared, 
evaporated to dryness and dried at 160°C. for 6 hours. The product thus 
obtained was thus examined as before. From the peaks, presence of 
Na.CO,, Na;sPO, H,O can be detected. 


TO DRYNESS AND DRIED AT 160°C 


Cuke Deg 


| 9. WATER EXTRACT (FROM 8) EVAPORATED 


10. Naz Coz + Naz Po4 EQUIMOLAR SOLUTION 
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X-Ray Diffraction Patterns of the Water Extract from (8) and of a Synthetic Mixture 
of Sodium Carbonate and Sodium Phosphate. 


DISCUSSION 


From the nature of the curves obtained in the differential thermal analy 
sis it may be presumed that the decomposition is a slow exothermic reaction 
starting at about 400°C. and completing at 760°C. The characteristic 
cryolite peaks are seen in both the figures near 560°C. It is also seen that 
the heat of reaction of the change is very small. No destinctive peaks are 
obtained thereby indicating the absence of any specific temperature at which 
the decomposition takes place, It may be possible that the decomposition 
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temperature of each rare-earth phosphate and carbonate may be different 
but close by, so that when a complex material as monazite is studied, it will 
be difficult to interpret the results. The two simultaneous reactions that 
take place during sintering, viz., conversion of rare-earth phosphate to the 
carbonate and thermal decomposition of the carbonate to the oxide may 
affect the net thermal effect observed. 


The X-ray diffraction patterns of the various decomposition products of 
monazite are in good agreement with the data collected chemically and the 
conclusion arrived therefrom. It has not been possible to record the diffrac- 
tion pattern in situ at the reaction temperature of 750° C. so that the pre- 
sence or otherwise of any rare-earth carbonate as an intermediate product 
may be established. The product obtained by sintering (Fig. 3) gives a 
pattern with characteristic peaks for sodium carbonate, sodium phosphate 
and the ‘ fluorite’ peaks of cerium earth oxide together with a new phase 
characterised by two diffraction maxima at 3-29A and 2-61A. It has 
not been possible to identify this new phase chemically. The difference in 
carrying out the sintering for 48 hours instead of two hours, is not very 
markable except that the ‘CeO,’ phase has crystallised better (Fig. 4). 
Excess monzite also is absent. The products obtained after decomposition 
of monazite sand by several methods, and removal of all soluble matter, 
have been examined. The difference is mainly in the extent to which ‘ CeO,’ 
has crystallised and to the amount of R,O, that has gone in solid solution. 
The water extract of the sintered product has been evaporated, dried at 
160° C. and examined. The pattern thus obtained can be compared with 
that of synthetic mixture of sodium carbonate and sodium phosphate 
(Figs. 9 and 10). The close similarity of the peaks in the two patterns prove 
beyond doubt the identity of the products formed during the reaction. 


The authors express their sincere thanks to Dr. P. P. Pillay, Professor 
of Applied Chemistry, for valuable suggestions and criticisms. 
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MEASUREMENT OF IONOSPHERIC DRIFT 
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INTRODUCTION 


THE measurement of drift of electron clouds in the ionosphere by the spaced 
aerial method was begun in this laboratory a few years ago. The original 
equipment was built by Mr. N. G. Nanda and Mr. N. Krishnamurthy in 
1953-54, and Mr. Nanda took some observations in June-December 1954 
on 5 Mc./s.* The equipment was later redesigned by the present author for 
larger output and for operation at two different frequencies, 2-6 Mc./s. and 
4-0 Mc./s. It is now used for the systematic study of reflections from the 
E and the F regions of the ionosphere. This paper gives a brief description 


‘of the equipment together with a summary of the results obtained till 
October 1957. 


Equipment.—The installation consists of a pulse transmitter giving an 
output of nearly 1-5 KW, feeding into a dipole, three receiving dipoles placed 
at the corners of an isosceles right-angled triangle, each of whose sides is 
120 m., along N-S and E-W directions and the receiving and recording units. 
The transmitter consists of two 813 tubes in push-pull class B condition, 
connected to a suitable pulse generator giving pulses of adjustable duration 
at the mains frequency (50 c./s.). Normally a pulse of about 100 ys. is used 
to obtain the reflections. The frequency of the transmitted pulse is deter- 
mined by two sets of coils switched into the master oscillator circuit and final 
amplifier stages of the transmitter. The reflected pulses obtained at the three 
receiving aerials are fed into a common receiver by means of an electronic 
switch which also generates a step wave for use in the recording oscilloscope. 
A gate selects the reflected pulses and feeds them into a recording oscillo- 


* Mr. Nanda’s work was incorporated ia his thesis for the M.Sc. Degree of the Gujarat 
University (1955). A brief summary of his results is included in Appendix I—K.R.R. 
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scope on the screen of which they appear as linear traces side by side with 
each other. A moving-film camera mounted in front of the oscilloscope 
records the pattern on 35 mm. film. 


Analysis of the records and the calculation.—The observations were taken 
hourly whenever good reflections could be obtained. A few sample fading 
patterns obtained on 2-6 Mc./s. are reproduced in Fig. 1. Pattern A is 
obtained whenever spread F occurs. It is difficult, at such times, to separate 
out any single reflection for study and the fading rate also is very high. 
Pattern F indicates steady signals. These two patterns cannot be analysed 
for drift and are not taken into consideration. Pattern E with a large fading 
period means low velocity, which is subject to large errors because of the 
uncertainty in the location of the maxima or minima. Such records were 
also not accepted for analysis. Pattern B gives high velocities, and patterns C 
and D are the normal types that are obtained most of the time. Night 
observations are taken on eight nights in a month. 


Since the number of records involved was very large, a rapid method of 
obtaining the velocity from the measured displacements had to be worked 
out. The apparent component velocities V; and Vy along the E-W and the 
N-S_ directions were determined from the average time shifts between the 
corresponding points in the traces, knowing the distance between the aerials. 
The actual velocity V and the angle 9 which the drift makes with the E-W 
direction were determined by the formule: 


and = tan 

For quick computation, two nomograms were constructed to read off the 
quantities (Figs. 2 and 3). In the first nomogram, the apparent compo- 
nent velocities V, and Vz are marked on the end scales and the actual speed 
of the drift in the middle scale. The points in the end scales representing the 
apparent component velocities V, and Vz (points D and B in Fig. 1) are 
joined to the zeroes on the opposite scales (C and A) by means of threads. 
They intersect at E and the reading against this in the middle scale gives the 
magnitude of the drift. In the example worked out in Fig. 1, with V, as 


240 m./s. and Vz as 185 m./s., V is 73 m/s. Actual calculation also gives the 
same value. 


In the second nomogram (Fig. 3), points P and Q which represent 
the apparent component velocities on the end scales are joined together and 
this line cuts the diagonal scale at R, against which the reading is 53° 30’. 
This represents the angle which the drift makes with the E-W line. Numerica 
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Fic. 2. Nomogram for determining drift speed. 


calculation gave a value of 53°. The quadrant in which the drift vector lies 
has to be decided by the leads or the lags in the fading patterns in the N and 
the W aerials with reference to the reference aerial. The result of observa- 
tions carried out over a period of 15 months are summarised below. 


RESULTS 


(1) Observations on 2-6 Mc./s.—Hourly observations on this frequency 
were started in August 1956. Owing to heavy absorption it was difficult, 
during many months, to get reflections at this frequency between 11 and 
14 hours. Night observations were started in October 1956 and are taken 
on about eight nights a month. The night time reflections refer to the F layer 
and the day-time reflections to the E layer. 
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Fic. 3. Nomogram for determining drift direction. 


Composite diagrams showing individual observations of drift direction 
and speed are shown in Figs. 4 and 5. The available data are grouped 
according to seasons; December-February (winter), March—-May (spring), 
June-August (summer) and September-November (autumn). The diagrams 
on the left-hand side refer to the direction towards which the drift took place, 
while those on the right-hand side show the speeds. A continuous curve is 
drawn in the latter diagram passing through the median values of the speeds 
at the different hours of the day. The apparent continuity of the data of the 
day and the night hours should be viewed with caution as they refer to two 
different regions (E and F). 


In winter months, the direction of the drift showed a diurnal variation 
with a predominant north-westward movement during the day hours 
(06-18 hours), but with significant south-eastward drift in the night hours. 


The scatter in the night observations was larger than on the day-time. In 
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Owing to insufficient day-time observations between 11 and 15 hours, the 
night time, there was much scatter in the former part of the night but the 
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direction, tended towards N-W after midnight. In the equinoctial months, 
the general flow was towards north-west with significant occurrences of south- 
eastward or eastward flow particularly in the morning hours. On the whole, 
the general drift observed on 2-6 Mc./s. at Ahmedabad is towards N-W but 
this is modified by a pronounced drift towards east in the morning hours of 
the summer months. The morning eastward drift was also noticced on many 
days in spring and autumn. 

The speeds of drift in winter showed a tendency to a minimum at about 
sunrise and sunset. In the summer months, the mean speed showed a maxi- 
mum at about midnight and it did not show any significant change during 
the day hours of observation. In the transition months, the diurnal varia- 
tions of speed were intermediate between those in summer and in winter. 

The mean N-S and E-W components of the drift in different hours of 
the day in each of the four seasons are plotted in Fig. 6. 
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Fic. 6. Diurnal variation of E-W and N-S components of drift in different seasons. 
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The diurnal variation is very clear in winter and there is evidence of a 
semi-diurnal variation in summer. It will be noticed that the drift has a 
northward component through the major part of the year. 


The month to month variations in the drift direction can be more clearly 
seen in the wind roses for the hours 06-18 and 19-05 given in Figs. 7 
and 8. It may be noted that the directions shown are the directions towards 
which the drift took place. This is different from the convention adopted 
in meteorology. In the winter months, the dominant day-time direction was 
towards N-W with a maximum occurrence (52% of the total observation) 
along that direction in January and February 1957. The eastward drift will 
be seen to increase gradually from then onwards and attain a maximum (with 
52% of the total observations eastward) in August 1957. In the night time 
wind roses also, the month to month changes in drift direction are clearly 
seen (Fig. 7). 


The monthly speed distributions for the two periods are shown in 
Figs. 9 and 10. It will be seen that the speeds are more spread-out in winter 
than in summer. They are also more scattered in the night hours than in 
day hours. 


The monthly variations of the mean drift speed for the period October 
1956 to January 1958 are shown in Fig. 11. In the same diagram, the 
mean speeds observed on 4-0 Mc./s. during the day hours are also 
shown. It will be seen that there is no clear difference between the mean 
speeds of drift observed on 2-6 Mc./s. and 4-0 Mc./s. This suggests that the 
inhomogeneities whose drifts were responsible for the fading of the waves 
of both the frequencies were located in the same region of the ionosphere. 


During the summer months, especially in July 1957, reflections could be 
obtained on many nights from E;. Such observations could not be obtained 
in the winter months. In July 1957, 31 observations of the E, drift showed 
a principal direction of movement towards N-W. The mean speed was 
69 m./s. The details of these observations are not included in this paper. 


(2) Observations on 4-0 Mc./s.—Hourly observations on 4 Mc./s. 
between 06 and 18 hours were started in February 1957. They refer to F 
layer reflections in the day-time. During the summer months, the critical 
frequency of the E layer at Ahmedabad went beyond 4-0 Mc./s. in mid-day 
and early afternoon hours. During such periods, no observations of the 
F region drift could be made. 


The wind roses for the 4-0 Mc./s. observations are given in Fig. 12. 
Here again, the main direction was towards N-W in winter and spring, and 
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Fic. 11. Monthly mean speeds of drift. 
eastward in the morning hours of summer and autumn, the eastward drift 
being maximum in August 1957. In Fig. 13, the speed distribution for 
the various months at this frequency are shown. The speeds are more spread- 


out in winter than in summer. The mean monthly speeds in Fig. 11 show 
a variation similar to those on 2-6 Mc./s. 


Comparison of results with those obtained elsewhere.—Observations of 
ionospheric drift by the spaced aerial method on a frequency around 
2-6 Mc./s. have been made at a number of places, most of them in middle 
latitudes. Comprehensive reports of the observations have been published 
for Cambridge (Phillips, 1952; Briggs and Spencer, 1954) and Kjeller 
(Harang and Pederson, 1956). Reports have also been published of observa- 
tions made in France (Harnischmacher and Rawer, 1956), Washington 
(Salzberg and Greenstone, 1951), Montreal and Ottawa (Chapman, 1953), 
and Brisbane (Burke and Jenkinson, 1957). Limited low latitude observa- 
tions are also available from Puerto Rico (Yerg, 1953) and Waltair (Rao 
et al., 1956). Very few stations have published the results of the drift obser- 
vations at higher frequencies and hence a comparison of the ree 
on 4-0 Mc./s. has not been undertaken. 


In general, all observers in middle latitudes report an eastward drift in 
summer and a south-westward drift in winter. This is accompanied by a 
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semi-diurnal variation of the direction of drift in a clockwise direction in the 
course of the day on many months, notably in winter. For the tropical 
stations, we do not possess sufficient data to evaluate the diurnal variation. 
The day-time drift at Waltair showed a seasonal variation, being towards 
south-west in winter and towards south-east in summer. The Ahmedabad 
observations showed that in summer mornings, the directions were towards 
east or south-east, and in summer evenings towards north-west; in winter, 
they remained north-west throughout the day. At night, the direction of 
drift was variable, the most common directions being towards north-west 
or south-east. No clear semi-diurnal variation of drift could be established, 
although there was a suggestion of it in some periods. 


At most of the above places, the speeds of drift generally lay in the range 
40-80 m./s. Only at Puerto Rico, where the correlation method of analysis 
was used in the claculations (Yerg, 1956), low values of speed, between 
0-30 m./s. were obtained for reflections on 2-6 Mc./s. Most stations have 
recorded a wider distribution of speed in winter than in summer. 


SUMMARY 


Results of observations of ionospheric drift carried out over a period 
of 15 months at Ahmedabad on 2-6 Mc./s. and 4-0 Mc./s. by the spaced 
aerial method are presented in this paper. The prevailing day-time drift 
was towards north-west in autumn and winter. In summer, and to a less 
marked degree in spring and autumn, the morning direction of drift was 
towards east or south-east. The evening direction was always towards 
north-west. During the night hours, the direction of drift were more spread- 
out, but the most frequent directions were still towards north-west and south- 
east. The speeds lay mostly in the range 40-100 m./s. and the mean speed 
was larger in winter than in summer. The Ahmedabad results are compared 
with those at other places. 
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APPENDIX I 


Summary of Observations of Ionospheric Drift made on 5 Mc./s. at 
Ahmedabad during 1954 


By N. G. NANDA* 


Mr. Nanda’s measurements on ionospheric drift were made on a 
frequency of 5 Mc./s. at 0800, 1100, 1400 and 1700 hours I.S.T. in the 
months July to October 1954. Reflections were either from the F region 
(97 observations) or from E; (30 observations). The results are summaris- 
ed in Figs. 14 and 15. 


In the F region reflections, the drift in the summer months at 0800 hours 
was mainly towards the east. At 1100 and 1400 hours, their directions were 
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Fic. 14. Polar diagrams of drifts in the F region on 5 Mc./s. during the period June- 
December 1954 (Mr. N. G. Nanda). 


* Extracted from Mr. N. G. Nanda’s Thesis for the M.Sc. Degree of the Gujarat 
University. —K.R.R. 
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Fic. 15. Polar diagram of drifts in E, on 5Mc./s. during the period July- | 
December 1954 (Mr. N. G. Nanda). 


equally distributed between E and WSW and at 1700 hours it was mainly 
towards west. The most frequently occurring speeds were in the range 


60-80 m./s. and the maximum and minimum speeds were 120 m/s. and 
20 m/s. respectively. 


The E, observations were taken mainly in June and July 1954. The 
prevailing direction was towards east with individual directions between 
ENE and ESE. The usual speeds were around 50 m./s. and the scatter in 
speed distribution was greater for E, reflections, speeds up to 250 m./s. 
being sometimes recorded. 
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APPENDIX II 
Monthly Mean Vectors of Drift and Their Standard Deviations 


By R. SETHURAMAN AND S. K. ALURKAR 


The mean vectors V, of the drift on 2:6 Mc./s. and their standard devia- 
tions (c) were calculated for the various seasons. Since the number of obser- 
vations was largest in the period 08 hours to 10 hours and in 17 and 18 hours 


representing morning and evening conditions, the calculations were confined 
to these hours. 


The mean vector Vz.—The N-S and E-W components of the individual 
drift vectors were tabulated and their mean values for the two periods in 
each season computed. The mean vector was determined by vertical addi- 
tion of the components. In the months April to August, more than one pre- 
vailing direction of drift was noticed and the data were therefore divided into 
two groups, and the mean vectors corresponding to each of the principal 
directions was found. In computing the mean vector, a small number of 
exceptionally large velocities was discarded. 


The standard vector deviation o is a measure of the dispersion of the 
vector round the mean value. A circle drawn with the centre at the end 
point of the mean vector, with radius o, will include 63% of the observations. 
It is defined as the square-root of the mean square of the modulus of the 


vector deviations from the mean vector. If V, is the mean vector, V the 
individual vector and 


v=V—Vp, 
then, o = 
It can be easily shown (H.M.S.O., 1953*) that 


Thus by calculating the square of the modulus of the velocities and Vp, o can 
be calculated. 


* A Handbook of Statistical Methods in Meteorology, H.M.S.O., Lorden, 1952. 
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Fic. 1. Some fading patterns of drift at Ahmedabad on 2-6 Mc./s. 
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The constancy ‘g’ of the vector is defined by the equation q = 
100 Vp/Vs, where Vs is the scalar mean of the drift velocity for the period 
under consideration. When the drift takes place in the same direction 
throughout, V, will be equal to V; and the constancy is 100. When it is 
qually distributed in all directions with the same average speed, Vz is equal 
to zero and q is zero. Thus g is a measure of the variability of the drift. 


The computed values of these quantities along with the number of obser- 
vations in each case (nm) are given in Table I. The value of o is largest in 
summer and least in winter. It is also larger in the morning than in the 
evening hours in all seasons except summer. 


ELECTROLYTIC PURIFICATION OF CARRIER 
FREE TELLURIUM TRACER 


By A. S. GHosH MAZUMDAR 
(Laboratoire Curie, Institut du Radium, Paris)* 


Received March 27, 1958 
(Communicated by Dr. K. S. G. Doss, F.A.sc.) 


CarRRIER free tellurium tracer is generally prepared from fission products in 
accordance with the following procedure’ *: preliminary purification in 
presence of a copper salt used as a carrier; co-precipitation of the tellurium 
activity with iron hydroxide in presence of dilute ammonia, which keeps the 
copper in solution; and final extraction of iron with isopropyl ether in 9M 
hydrochloric acid. The preparation thus obtained is very often contaminated 
with traces of iron which is difficult to eliminate by the solvent extraction as 
above, and which if present even in very minute traces, is not desirable for 
certain investigations. A good yield of tellurium activity is also difficult to 
be realised by the extraction operation in presence of strongly acidic solu- 
tions. Apart from these difficulties, the purification step based on co-preci- 
pitation of tellurium activity with iron hydroxide should be avoided as far 
as possible since the latter can carry with it the activities due to other im- 
purities,* which might escape the preliminary step. These are briefly the 
considerations which led us to search for a modified method for the purifica- 
tion of tellurium tracer obtained from fission products, a method in which 
the addition of iron carrier would be avoided. Applications of paper 
chromatography to the above problem, as well as to the problem of separa- 
tion of Te!’ and Te’! have already been described. The conditions of a 
suitable electrolytic method of purification could also be arrived at as a result 
of our electrochemical studies on tellurium tracer in the concentration range 


of 10-* to 10-" N.° In this article the details of this electrolytic method are 
described. 


It is known since long that Te'Y is reduced to the metallic state by electro- 
lysis of acidic solutions, whereas Te¥! is not.“? That radio-tellurium be- 
haves similarly at tracer concentration has been verified.> Moreover, hydro- 
chloric or hydrobromic acid solutions, preferably normal hydrobromic acid, 


* Present Address: Radiochemistry Division, Atomic Energy Establishment, Trombay, 
Bombay-38. 
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have been found convenient as supporting media for the electrolytic deposi- 
tion with a small cathodic current density. A smooth well adhering macro- 
deposit of tellurium metal can be obtained in these conditions by electrolysis 
of 10-* N solution of Te'Y.5 


Since copper is used as a carrier in the preliminary separation of 
tellurium tracer from fission products, our objective was to develop an ultra- 
micro method of purification which would work in presence of milligram 
quantities of copper. In this connection a reference to Norwitz’s® work on 
the macro-estimation of tellurium in a mixture containing copper may be 
relevant. According to this author copper telluride can be electrolytically 
deposited from nitric acid solutions of the elements, the tellurium in solution 
being in tetravalent state. Cu can be separated from Te by electrolysis after 
having oxidised the tellurium to the hexavalent state. By difference the 
amount of Te can be estimated. 


EXPERIMENTAL 


Materials.—For this work, a source containing initially 10 millicuries of 
182Te (8 emitter) was used. Since this was obtained from fission products, 
it also contained a few hundred microcuries of !”Te and 12’Te (8 emitters), 
the amount of }“°Te being about ten times that of }*’Te. Now, 1**Te (half- 
life: 77-7 hours), being not always conveninet for use as tracer, because of 
its daughter 1**] (half-life: 2-4 hours), was eliminated by decay for about 
one month (i.e., ten times its half-life). The radioactive characteristics of 
the product after decay, however, indicated that it was significantly contami- 
nated with some activity other than those of !*°Te and !?’Te. 


The usual counting techniques with a Geiger Muller counter were 
adopted for measurements involving radioactivity. 


Procedure.—A few milligrams of a copper salt were mixed up with a 
portion of the above-mentioned active source. The method which we have 
established for the purification of tellurium tracer is obviously applicable in 
case when the solution does not contain weighable quantities of copper. 
The details of the method are given below: 


The solution was evaporated to dryness. The residue was heated with 
perchloric acid, and the excess of the latter eliminated by distillation.t The 


t In the method of Jacobson and Overstreet described at reference 1, the solution just before 
treatment with iron carrier contained besides tellurium tracer, copper in perchloric acid medium. 

Radio-ruthenium is a possible contaminant in fission products. Since Rd-Ru is volatile with 
boiling perchloric acid, distillation is recommended in order to avoid a possible contamination of 
the laboratory. 
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residue was taken in a 3% solution of HNOs, and the solution thus obtained 
was electrolysed with a rotating cathode of platinum, the current density 
being 20 mA/sq.cm. In these conditions not only the copper but other im- 
purities depositable with a realtively high current were eliminated, leaving 
the tellurium tracer in the solution. It was, however, noticed that with a 
cathode of about 2 sq. cm. surface, the copper deposit began to turn blackish 
in about a quarter of an hour. It was, therefore, preferred to interrupt the 
electrolysis every quarter of an hour, to clean the cathode with nitric acid 


(1: 1), and to continue in this way the electrolysis for a total period of about 
two hours. 


The solution was then evaporated to dryness in a tared beaker. The 
residue was taken with a few c.c. of concentrated hydrobromic acid and 
again evaporated to dryness on a water-bath. In this operation the tellurium 
tracer was reduced in accordance with the following reaction: 


Te* +- 2 Br- = + 


So long as the temperature of heating did not exceed that of a water-bath, 
there was no fear of any loss of Te as the volatile bromo-complex. A few 
c.c. of concentrated hydrobromic acid were again taken in the beaker 
and concentrated to a small volume. The beaker and its contents were 
allowed to cool and weighed, whereby the quantity of the constant boiling 
hydrobromic acid remaining in the beaker was known. This was diluted 
with calculated amount of water so that the concentration of HBr was 
approximately normal. The solution thus prepared was electrolysed for a 
second time with a current density of 0-05 mA/cm.?, and with a separated 
anodic compartment. Separation of the anode was necessary in order to 
avoid partial oxidation of Te'Y to TeY'. In our experiments a very simple 
arrangement consisting of a glass tube drawn into a capillary and plugged 
at the capillary end with filter-paper was used as the anodic compartment. 
The plugged end dipped in the main electrolyte. The anolyte consisted 
of NH.SO, and the anode a small piece of plantinum wire. 


In these experimental conditions, practically 90% of the tellurium tracer 
was found to be deposited in 2 to 3 hours on a rotating gold cathode. A gold 
cathode was preferred to a platinum one, since electro-deposited tellurium 
tracer can be removed by dissolution in hydrobromic acid from gold much 
more easily than from platinum. 


Purity of the Deposit.—It was found that with the radioactive source at 
our disposal, only a very small fraction of activity was deposited along with 
the copper in course of the first electrolysis, whereas the major part of the 
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activity was shared between the electrode and the solution in, course of the 
second electrolysis. The radioactive property of the two portions thus 
separated was then examined. It was found that the half life of decay for the 
substance deposited cathodically was 34 days, whereas that for the non- 
depositable substance was 65 days. Moreover, the absorption curves of 
the radiations were also traced as a function of thickness of aluminium ab- 
sorbers for estimating the energy of radiations: the curve B of Fig. 1 corres- 
ponds to the depositable activity and the Curve A to the non-depositable 
one (see also Fig. 2 for the analysed component of the latter curve).{ These 
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50/00 100/100 150/100 mm. 
THICKNESS OF ALUMINIUM 
Fic. 1. Absorption curves of radiations. 
A. Non-depositable substance. B. Purified source of Rd-Te (Max. energy of £: 1+8 Mev.). 


examinations showed that the activity of the cathodic deposition cor- 
responded mainly to 1°"Te metastable in equilibrium with 1*°Te (half-life: 
34 days; 8 rays of 1-8 Mev. maximum energy); whereas the activity of the 
non-depositable substance might have arisen out of the presence of Zr 
(half-life: 65 days; B particles: 0-4 Mev. max. energy). 


; ¢ Slope of these curves is a measure of the energy of the g particles. A curve of the type B 
is usually obtained in the case of an uncontaminated f emitter. On analysis of the absorption 
Curve pertaining to the non-depositable substance, one would obtain the curve B of Fig.2. The 
slope of the latter curve would represent the energy characteristic of the radiations emitted by a 
major component of the non-depositable substance. 
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100/100 200/100 mm. 


THICKNESS OF ALUMINIUM ABGORBER 
Fic. 2. Absorption curves of radiations. 
A. Absorption curve of the non-depositable substance. B. Analysed component of curve A 
(Max. energy of 8B: ~0°4 Mev.). 
The method described above, therefore, seems to be quite suitable for 
the purification of carrier free tellurium tracer and for the preparation of 
its sources exempt from other foreign matter in weighable quantities. 


The author wishes to express his sincere gratitude to Monsieur M. 
Haissinsky, Directeur de Recherches, under whose kind guidance this work 
has been carried out in the Laboratoire Curie, Paris. 
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STUDIES IN THE ISOQUINOLINE SERIES 


Part IV. Application of the Bruckner Method to the Synthesis 
of 3-, and 4-Arylisoquinolines 


By T. R. Govinpacnakrl, F.A.Sc., B. R. PAl AND U. RAMADAS Rao 
(From the Department of Chemistry, Presidency College, Madras) 
Received May 22, 1958 


BRUCKNER and co-workers' have developed an elegant method for the syn- 
thesis of 3-methylisoquinolines, in which the addition of dinitrogen trioxide 
to l-arylpropenes constituted the first important step. The substitution of 
stilbenes and 1: 1-diarylethylenes for l-arylpropenes should lead to 3-, and 
4-arylisoquinolines respectively and a study of the extension of the Bruckner 
method for this purpose is reported here. 


Addition of dinitrogen trioxide to 3:4-methylenedioxystilbene pro- 
ceeded with formation of the nitrosite in excellent yield. Acetylating de- 
composition of the nitrosite with acetic anhydride sulphuric acid mixture 
was slow and incomplete, but could be taken to near completion by recycling 
unchanged material with fresh acetic anhydride-sulphuric acid. Electro- 
lytic reduction of the 1-acetoxy-1-(3: 4-methylenedioxyphenyl)-2-nitro-2- 
phenylethane (I) so formed yielded N-acetyl-2-hydroxy-2-(3: 4-methylene- 
dioxyphenyl)-1-phenylethylamine (II) which was cyclised in good yield by 
phosphorus oxychloride in toluene to 6: 7-methylenedioxy-l-methyl-3- 
phenylisoquinoline (III). 


According to Shechter and Ley? the orientation in addition of dinitrogen 
trioxide to olefines is independent of the electronic demands of the groups 
attached to the unsaturated system. If this were so, two nitrosites should 
have been formed from 3: 4-methylene dioxystilbene, but neither at the stage 
of addition of dinitrogen trioxide, nor at any of the subsequent stages in the 
sequence outlined above, could we detect more than one compound, A 
single nitrosite appeared to be formed, the one in which the nitro group was 
attached to the carbon atom f-to the 3: 4-methylenedioxyphenyl group. 

Addition of dinitrogen trioxide to 1: 1-diphenylethylene proceeded 
smoothly with formation of a crystalline nitrosite in excellent yield. Treat- 
ment of the nitrosite with acetic anhydride-sulphuric acid yielded 1: 1-dipheny]l 
2-nitroethylene. Similarly, nitrosites from 1: 1-di-p-tolylethylene, 1:1: 2- 
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Fic. 1. 
triphenylethylene and 1: 1-diphenylpropylene, which could not be obtained 
in crystalline condition, reacted with acetic anhydride-sulphuric acid with 
evolution of nitrous fumes and formation of the corresponding nitroolefines. 
Treatment of 1: 1-di-p-anisylethylene with dinitrogen trioxide led to the 
nitroolefine as the only isolable product. The decomposition of the nitro- 
sites to nitroolefines proceeds apparently through the formation of an inter- 
mediate carbonium ion since electron-releasing groups in the aryl nuclei 
facilitate the reaction. The nitrosites from 1: 1-diarylethylenes are thus seen 
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to decompose into nitroolefines by treatment with acetic anhydride-sulphuric 
acid mixture whereas nitrosites from 1-arylpropenes* are changed to 
acetoxynitro compounds. A plausible explanation for this difference may 
be furnished. Addition of dinitrogen trioxide to an 1l-arylpropene may 
conceivably lead to two diasteroisomers, although a single product is 
obtained, addition being apparently stereospecific. The most stable con- 
formations of the two possible diasteroisomers may be shown as in Fig. 3 
A and B. - In either case, the nitroso group is not coplanar with the hydrogen 


( 
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atom on the f-carbon atom and this can be brought about only in more 
unfavourable conformations than those represented for the diasteroisomers. 
Reactions with acetic anhydride-sulphuric acid mixture proceeds with substi- 
tution rather than elimination. 


In the case of nitrosites from 1: 1-diarylethylenes the most stable con- 
formation may be represented as in Fig. 3C, an arrangement in which the 
nitroso group and the hydrogen atom on the f-carbon atom are coplanar, 
a condition favouring elimination, rather than substitution. 


1: 1-Diphenyl-2-nitroethylene was reduced to 2 : 2-diphenylethylamine by 
lithium aluminium hydride in excellent yield. The N-acetyl derivative of 
the amine was cyclised by heating with phosphorus pentoxide in xylene to 
3: 4-dihydro-1-methyl-4-phenylisoquinoline which was then dehydrogenated 
by heating with palladium black in refluxing decalin solution to 1-methyl- 
4-phenylisoquinoline. 


1: 1-Di-p-tolyl-2-nitroethylene, 1: 1-di-p-anisyl-2- nitroethylene, 1: 1-di- 
phenyl-2-nitro-4’-propylene were carried through a similar sequence of 
reactions for obtaining | : 7-dimethyl-4-p-tolyl-, 1-phenyl-2-methyl-4-p-tolyl-, 
4-p-anisyl-7-methoxy-1-methyl-,  4-p-anisyl-7-methoxy-l-phenyl-, 3-methyl- 
1: 4-diphenyl-, and 1: 3-dimethyl-4-phenyl-3 : 4-dihydroisoquinolines. Cycli- 
sation of N-acetyl-1:2:2-triphenylethylamine and N-benzoyl-1: 2: 2-tri- 
phenyl-ethylamine to the corresponding 3: 4-dihydroisoquinolines could not 
be effected. 
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EXPERIMENTAL 
I. 6 : 7-Methylenedioxy-\-methyl-3-phenylisoquinoline 


(a) 3: 4-Methylenedioxystilbene nitrosite—A solution of 3: 4-methylene- 
dioxystilbene (1 g.) in ether (50 ml.) was kept over a saturated solution of 
sodium nitrite (SO ml.) and treated dropwise with sulphuric acid (4N), 
During the course of a few hours a pale yellow crystalline solid separated, 
This was filtered, washed with water and dried in a desiccator. It decom- 
posed at 136-38° (Found: N, 8-9. (C,;H,,O;N, requires N, 9-3%). 


(b) 1-Acetoxy-1\- (3 : 4-methylenedioxyphenyl)-2-nitro-2-phenylethane.—A 
suspension of the above nitrosite (20 g.) in acetic anhydride (60 ml.) was 
treated under vigorous stirring with acetic anhydride (6ml.) containing 
sulphuric acid (2ml.). After stirring for 6 hr., the solution was filtered 
(residue A). The filtrate was treated with crushed ice and the sticky solid 
that separated was washed with water and triturated with methanol. The 
solid obtained was recrystallised from alcohol, yielding crystals, m.p. 146-47° 
(Found: C, 62:3; H, 4-7; N, 4-3. C,,H,,O,N requires C, 62-0; H, 4-6; 
N, 4°3%). Residue (A) which was unreacted nitrosite was again treated 
with acetic anhydride-sulphuric acid as before. In all 14g. of the nitro- 
compound were obtained. 


(c) N-Acetyl-2-hydroxy-2-(3 
The foregoing nitro compound (5 g.) was reduced electrolytically as described 
earlier. The acetylamino compound (3 g.) was crystallised from toluene 
yielding crystals, m.p. 169° (Found: C, 68-8; H, 5-5; N, 4-5. C,,H,,O,N 
requires C, 68-2; H, 5-7; N, 4-6%). 

(d) 6: 7-Methylenedioxy-\-methyl-3-phenylisoquinoline—The foregoing 
amide (1 g.) was refluxed in dry toluene (10 ml.) with phosphorus oxychloride 
(3 ml.) for 1 hr. The product was isolated in the usual way. The isoquinoline 
was obtained as colourless needles from alcohol, m.p. 138° (Found: C, 77:1; 
H, 4°4; N, 5-4. C,,H,,;0,N requires C, 77-6; H, 5-0; N, 5-3%). 


The hydrochloride was obtained as a bright yellow solid sparingly soluble 
in water and was recrystallised from alcohol, m.p. 260°. 


Il. 1-Methyl-4-phenylisoquinoline 


(a) 1: 1-Diphenylethylene nitrosite—A solution of 1: 1-diphenylethylene 
(1 g.) in ether (20 ml.) was treated with a saturated solution of sodium nitrite 
(20 ml.). Dilute sulphuric acid was added dropwise. The ether layer turned 
blue and the reaction was complete when the blue colour changed to yellow. 
The ether was allowed to evaporate spontaneously and the sticky residue 


i 


Studies in the Isoquinoline Series—IV 115 


washed thoroughly with water and dried in a desiccator. Recrystallisation 
from ether-petroleum ether mixture gave white feathery crystals (1 g.), de- 
composing at 106° (Found: N, 11-1. ©C,,H,,N.O, requires N, 10-9%). 


(b) 1: 1-Diphenyl-2-nitroethylene—The above nitrosite (14g.) was re- 
fluxed with acetic anhydride (42 ml.) containing a drop of concentrated 
sulphuric acid when the evolution of nitrous fumes had ceased, the solution 
was cooled and poured into water (200 ml.) to decompose the acetic anhydride. 
The aqueous layer was decanted from the heavy oil, which was further washed 
with water. On stirring with alcohol, a yellow crystalline solid separated 
which on recrystallisation from alcohol melted at 92°, yield 9g. (Found: 
C, 74-6; H, 5-1; N, 6°4. C,,H,, OLN requires C, 74. 7; H, 4-9; N, 6-2%). 


(c) 2: 2-Diphenylethylamine—A solution of the foregoing nitro com- 
pound (8 g.) in absolute ether (300 ml.) was added to a stirred suspension 
of lithium aluminium hydride (5 g.) in absolute ether (100 ml.), the reaction 
vessel being provided with an efficient condenser and protected from moisture. 
The solution was stirred for a further 2 hr., after completion of addition, left 
overnight and decomposed cautiously with water. The ether layer was 
decanted off and the residue thoroughly extracted with ether. Removal of 
the ether yielded an oil (6 g.) purified by distillation in vacuo, b.p. 175°/20 mm. 
ny*, 1-569. The acetyl derivative prepared in the usual way was recrystallised 
from petroleum ether (b.p. 40-60°) yielding colourless crystals, m.p. 91° 
(Found: N, 6-1. (C,gH,,ON requires N, 5-9%). 


(d) 1-Methyl-4-phenylisoquinoline——The above acetyl derivative (2 g.) 
was dissolved in dry xylene (25 ml.) and heated on a sand-bath under gentle 
‘reflux for 4hr., after adding phosphorus pentoxide (5¢g.). After cooling, 
the excess phosphorus pentoxide was decomposed by the cautious addition 
of crushed ice. The xylene layer was separated and the aqueous layer made 
strongly alkaline with sodium hydroxide solution. The liberated base was 
extracted with ether. Removal of the ether yielded 3: 4-dihydroisoquinoline 
(0-4 g.) characterised as the picrate, m.p. 170° (cf. Dey and Ramanathan‘), 


0-4 g. of the dihydroisoquinoline was dehydrogenated by refluxing in 
decalin (50 ml.) with palladium black (50 mg.) in a current of carbon dioxide, 
till the evolution of hydrogen ceased. The catalyst was filtered off, the decalin 
solution extracted thrice with dilute hydrochloric acid (4 N) and the combined 
acid extract basified with sodium hydroxide solution. The liberated base 
was isolated by ether extraction and characterised as the picrate, m.p. 226° 
(Found: C, 59-0; H, 4-0. C..H,,O,N, requires C, 58-9; H, 3-6%). The 
base regenerated from the picrate and purified by sublimation in vacuo melted 
at 80°. 


116 T. R. GOVINDACHARI AND OTHERS 


Ill. 3:4-Dihydro-1: 7-dimethyl-4-p-tolyl- and 3: 4-dihydro-7-methyl-|-phenyl- 
4-p-tolylisoquinoline 


(a) 1:1-Di-p-tolyl-2-nitroethylene.—1 : 1-Di-p-tolylethylene was converted 
to the nitrosite as previously in 1 g. batches. The nitrosite was obtained as 
a thick yellow oil which failed to crystallise. The crude nitrosite (7 g.) was 
treated with acetic anhydride (10 ml.) containing sulphuric acid (2 drops). 
The solution warmed up considerably with evolution of nitrous fumes. After 
cooling, the excess acetic anhydride was decomposed by water and the heavy 
oil which separated solidified. Recrystallisation from ethyl alcohol yielded 
crystals of the nitro compound (4g.), m.p. 115° (Found: C, 75-5; H, 5-7; 
N, 5°8. C,gH,;NO, requires C, 75-9; H, 5-9; N, 5*5%). 


(b) 2: 2-Di-p-tolylethylamine—The foregoing nitro compound (4 g.) 
reduced with lithium aluminium hydride yielded the amine (3 g.) as a pale 
yellow oil, b.p. 185-90°/7 mm. The hydrochloride prepared as usual and 
recrystallised from alcohol-ether melted at 235° (Found: C, 72:9; H, 7:2; 
N, 5:8. CygHopNCl requires C, 73-3; H, 7:7; N, 5°4%). The acetyl 
derivative was obtained as an oil. The benzoyl derivative crystallised from 
alcohol as needles, m.p. 136° (Found: C, 84-1; H, 7-5; N, 4-6. C,s3H,,ON 
requires C, 83-9; H, 6-9; N, 4-3%). 


(c) 3: 4-Dihydro-| : 7-dimethyl-4-p-tolylisoquinoline—The oily acetyl deri- 
vative (0-6 g.) above was cyclised by refluxing in dry toluene (10 ml.) with 
phosphorus oxychloride (3 ml.) for 4 hr. The base was isolated in the usual way 
and characterised as a picrate recrystallised from alcohol, m.p. 187° (Found: 
C, 59-9; H, 4-8; N, 11-5. C.,H..O,N, requires C, 60-3; H, 4-6; N, 11-7%), 


(d) 3: 4-Dihydro-7-methyl-|-phenyl-4-p-tolylisoquinoline—The benzoyl de- 
rivative (0-5 g.) above on cyclisation under similar conditions yielded the 
dihydroisoquinoline (0-03 g.) as an oil, characterised as the picrolonate, 
m.p. 176° (Found: C, 68-7; H, 5-6; N, 11-6. C,3H,,O;N, requires C, 
68-9; H, 5-0; N, 12-2%). 


IV. 4-p-Anisyl-3 : 4-dihydro-7-methoxy-\-methyl and \-phenylisoquinolines 


(a) 1: 1-Di-p-anisyl-2-nitroethylene.—1: 1-di-p-anisylethylene (2g.) was 
treated with dinitrogen trioxide as previously yielding a yellow solid admixed 
with a red liquid. The solid was removed mechanically and recrystallised 
from alcohol yielding crystals (1-0 g.), m.p. 116° (Found: C, 67-1; H, 5-3; 
N, 4-9. CygH,sO,N requires C, 67-4; H, 5-3; N, 4:9%). The red liquid 
solidified gradually and was recrystallised from alcohol yielding crystals 
(0-05 g.), m.p. 123° (Found: C, 67-9; H, 5°7; N, 4°4. CjgH;s0,N requires 
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C, 67-4; H, 5:3; N, 4:9%). This is probably a dimorphic form of the 
nitro compound, m.p. 116°. 


(b) 2: 2-Di-p-anisylethylamine—Reduction of the nitro compound, 
m.p. 116° above (7 g.) with lithium aluminium hydride yielded the amine 
(3 g.) as a thick brown oil, b.p. 210-12°/7 mm. The acetyl derivative melted 
at 123° (Found: C, 72:7; H, 6:6; N, 4:6. CygH,,O,N requires C, 72-2; 
H, 7:0; N, 4:7%). The benzoyl derivative melted at 153° (Found: C, 76-5; 
H, 6:2; N, 4:1. requires C, 76:5; H, 6-4; N, 3-9%). 


(c) 4-p:Anisyl-3: acetyl 
derivative above (0-5 g.) was cyclised as usual and the base (0-02 g.) obtained 
as an oil characterised as the picrolonate, which did not melt up to seadl 
(Found: N, 12:7. C,gH,,N,;O, requires N, 12-8%). 


(d) 4-p-Anisyl-3: 4-dihydro-7-methoxy-1-phenylisoquinoline—The above 
benzoyl derivative was cyclised by phosphorus oxychloride in toluene, to 
yield the base crystallised from alcohol as colourless plates, m.p. 226° 
(Found: N, 4-3. C,3H,,O.N requires N, 4-1%). 


V. 3:4-Dihydro-1: 3-dimethyl-4-phenyl- and 3: 4-dihydro-3-methyl-1: 4 
diphenylisoquinolines 

(a) 2: 2-Diphenylisopropylamine.—1 :1-Diphenylpropylene was treated with 
dinitrogen trioxide as earlier. The nitrosite obtained as an yellow oil was 
treated with acetic anhydride containing two drops of sulphuric acid. The 
nitroolefine isolated as usual was a heavy yellow oil which could not be induced 
to solidify. It was reduced by lithium aluminium hydride to 2: 2-diphenyl- 
isopropylamine obtained as colourless needles, m.p. 52°, from petroleum ether 
(b.p. 40-60°) (Found: C, 84°8; H, 8-3. C,,H,,N requires C, 85-3; H, 8-1%). 


The acetyl derivative recrystallised from petroleum ether (b.p. 40-60°) 
as needles, m.p. 111° (Found: C, 80-2; H, 7:2; N, 5:4. C,,H,,ON re- 
quires C, 80-6; H, 7-5; N, 5-5%). 


The benzoyl derivative recrystallised from alcohol melted at 199° (Found: 
C, 84-1; H, 6-4; N, 4-4. CygH,ON requires C, 83-8; H, 6-7; N, 4°4%). 
(6) 3: 4-Dihydro-1 : 3-dimethyl-4-phenylisoquinoline—The acetyl deriva- 
tive above was cyclised as usual yielding the base characterised as the picrolo- 
nate, m.p. 224° (Found: N, 14:3. C.,H,,O,N, requires N, 14-0%). 

(c) 3: 4-Dihydro-3-methyl-1 : 4-diphenylisoquinoline—The benzoyl deri- 
vative above on cyclisation yielded the base as an oil, characterised as. the 
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hydrochloride, m.p. 210° (Found: C, 79°6; H, 5-7. requires 


VI. 1:2: 2-Triphenylethylamine 


1 : 2-triphenylethylene—1 : 1 : 2-Triphenylethylene was 
treated with dinitrogen trioxide as usual. The nitrosite obtained as an oil on 
treatment with acetic anhydride-sulphuric acid yielded the nitro compound, 
m.p. 178° (Found: C, 80-2; H, 4-8; N, 4:7. CzopH,;0.N requires C, 79-7; 


(6) 1: 2: 2-Triphenylethylamine—Reduction of the foregoing nitro com- 
pound with lithium aluminium hydride yielded the amine, b.p. 210-12°/7 mm, 
The acetyl derivative recrystallised from alcohol melted at 208° (Found: 
C, 83-4; H, 6-7; N, 4-4. C,..H.,ON requires C, 83-8; H, 6-7; N, 44%), 


The benzoyl derivative recrystallised from alcohol melted at 230° (Found; 
C, 85-9; H, 6-2; N, 3-9. C.,H.,ON requires C, 85-9; H, 6-1; N, 3-7%), 


The Bruckner method has been extended to the study of 3-, and A-aryle 
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